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57 ABSTRACT 
An assembly for securing a repair sleeve within a dam 
aged pipe, comprising a tubular repair sleeve, and a 
shape memory alloy element positioned within the 
sleeve and having a mandrel on each end with at least a 
portion of each mandrel extending beyond the sleeve at 
a respective end of the sleeve, arranged so that when 
the shape memory alloy element recovers, the mandrels 
are moved towards one another so that each end por 
tion of the sleeve is caused to expand outwardly. 

7 Claims, 10 Drawing Sheets   
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ASSEMBLY FOR REPAIRING A DAMAGED PIPE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part application 
of copending, commonly assigned application Ser. No. 
65,146 filed June 24, 1987, now abandoned, which a 
continuation application of application Ser. No. 596,743 
filed Apr. 4, 1984, now abandoned. The disclosure of 
each of those earlier applications is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 
This invention relates generally to the repair of fluid 

carrying tubes such as those carrying natural gas, water 
or steam. More particularly, this invention has applica 
tion to the repair of a steam generator. 
Steam generators are an integral part of a power 

generating station. Over a period of time, the steam 
generator, or any fluid carrying tube for that matter, 
may develop leaks due to the combined corrosive ef. 
fects of the fluid medium and the environment in which 
the steam generator or fluid carrying tube is situated. 
Whenever a leak is found, it must be stopped in some 
manner. One method is to plug the damaged tube. This 
method, of course, leads to reduced operating capacity. 
When enough damaged tubes become plugged, the 
power station must be shut down for retubing of the 
steam generator. Due to the time and expense involved, 
it would be desirable to avoid shutdown for as long as 
possible. 
An alternative method is the repair in situ of the 

damaged tube. If the tube is repaired rather than 
plugged, operating capacity is not substantially re 
duced. A common embodiment of this alternative 
method is the insertion of a repair sleeve adjacent to the 
leak in the damaged pipe. When the repair sleeve is 
placed in position, it is desirable that it be firmly re 
tained there. This is desirable for two reasons. The first 
is that any dislodgement of the repair sleeve would be 
totally unacceptable from the standpoint of the opera 
tion of the steam generator. The second is that firm 
retention promotes a leak-tight fit. 

It is also desirable that the repair sleeve apparatus be 
capable of being deployed quickly and efficiently so as 
to avoid expensive labor costs. It is most desirable that 
the repair sleeve operation be subject to automation as 
by a remote manipulator. 

Solutions as heretofore proposed in the prior art have 
failed to achieve these aims. 

In U.S. Pat. No. 1,471,184 to Miles, one method of 
inserting and retaining a repair sleeve is illustrated. 
Miles shows expanders in either end of the sleeve which 
are simultaneously drawn together by a mechanical 
apparatus including a draw member. Packers are con 
pressed between the sleeve and the expanders to pro 
vide sealing. The draw member is operated by turning a 
wing nut which can be tedious and time consuming. 
Removal of the draw member can also be burdensome. 
In the U.S. Pat. No. 4,069,573 to Rogers, Jr. etal, the 

repair sleeve and damaged tube are plastically deformed 
by an hydraulic apparatus. According to the disclosure, 
an interference fit results between the repair sleeve and 
joint but due to their essentially equivalent elastic con 
stants, a slight mechanical clearance, i.e., leakage, may 
exist. This is an unsatisfactory situation for two reasons. 
The first is that this apparatus is not suitable for situa 
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2 
tions where a leak proof fit is necessary. The second is 
that mechanical deformation of the damaged tube is 
undesirable and is even more undesirable when the 
damaged tube is constrained within a tube sheet. 

In U.S. Pat. No. 2,756,779 to Tratzik et al. an expand 
ing mandrel is utilized to expand deformable ferrules on 
either end of the repair sleeve. This apparatus is unsatis 
factory because of the time and manpower necessary to 
secure the repair sleeve. The distal end of the repair 
sleeve is expanded first and then the whole apparatus 
must be reset before expanding the near end of the 
repair sleeve. Such a procedure is expensive in opera 
tion and is impractical when repairing a large number of 
tubes. It is also possible that due to the elastic compo 
nent of the ferrule springing back, a leak tight seal may 
not be achieved. Other similar unwieldy mechanical 
arrangements are described in U.S. Pat. Nos. 2,731,041, 
2,784,627, and 2,829,675, all to Mueller et al. 
Mechanical arrangements where two expanding man 

drels are drawn toward one another are shown in U.S. 
Pat. No. 2,517,626 to Berg and U.S. Pat. No. 4,114,654 
to Richardson. Both of these arrangements would be 
unsatisfactory for use in securing repair sleeves since all 
of the individual components remain in the damaged 
tube, thereby severely restricting the fluid flow to an 
untolerable level. 

U.S. Pat. No. 4,114,654 discloses a plug for a tube 
which comprises a deformable tubular sleeve and two 
tapered members positioned partially within the sleeve. 
The members can be drawn together by a screw thread 
arrangement so as to deform the sleeve outwardly into 
engagement with the tube to be plugged. 

In conjunction with the aim to automate the sleeve 
repair operation, it would be desirable to deploy the 
sleeve repair apparatus with as little manipulation as 
possible. 

Materials capable of possessing shape memory are 
well known. An article made of such materials can be 
deformed from an original, heat-stable configuration to 
a second, heat-unstable configuration. The article is said 
to have shape memory for the reason that, upon the 
application of heat alone, it can be caused to revert, or 
to attempt to revert, from its heat-unstable configura 
tion to its original, heat-stable configuration, i.e. it "re 
members' its original shape. 
Among metallic alloys, the ability to possess shape 

memory is a result of the fact that the alloy undergoes a 
reversible transformation from an austenitic state to a 
martensitic state with a change in temperature. This 
transformation is sometimes referred to as a thermoelas 
tic martensitic transformation. An article made from 
such an alloy, for example a hollow sleeve, is easily 
deformed from its original configuration to a new con 
figuration when cooled below the temperature at which 
the alloy is transformed from the austenitic state to the 
martensitic state. The temperature at which this trans 
formation begins is usually referred to as Ms and the 
temperature at which it finishes M?. When an article 
thus deformed is warmed to the temperature at which 
the alloy starts to revert back to austenite, referred to as 
As (Afbeing the temperature at which the reversion is 
complete) the deformed object will begin to return to its 
original configuration. 
Thus, in a sense, shape memory alloys can be self 

actuating when exposed to a change in temperature. 
When these shape memory alloys promote the move 
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ment of a cooperating part, they become self-actuating 
drivers. 
The use of shape memory alloys as self-actuating 

drivers has heretofore been limited to devices such as a 
coupling, (U.S. Pat. No. 4,149,911 to Clabburn), a steam 
generator tube plug (U.S. Pat. No. 3,900,939 to Grea 
can) and a prestressed structural joint member (U.S. 
Pat. No. 4,294,559 to Schutzler). As far as applicant is 
aware, no article has been disclosed in which the shape 
memory effect is utilized to axially contract a longitudi 
nally dimensioned draw means. 

SUMMARY OF THE INVENTION 

In view of the above, it is an object of the invention 
that a repair sleeve be securely retained within a fluid 
carrying tube without leakage. 

It is another object of the invention that the repair 
sleeve apparatus be capable of being deployed quickly 
and efficiently so as to avoid expensive labor costs. 

It is a further object of the invention that the method 
of deploying the repair sleeve apparatus incorporate the 
concept of self-actuation. 
Accordingly, the invention provides an assembly for 

securing a repair sleeve within a damaged pipe, com 
prising: 
(a) a tubular repair sleeve, and 
(b) a shape-memory alloy element positioned within the 

sleeve and having a mandrel on each end with at least 
a portion of each mandrel extending beyond the 
sleeve at each end thereof; 

arranged so that when the shape-memory alloy element 
recovers, the mandrels are moved towards one another 
so that each end portion of the sleeve is caused to ex 
pand outwardly. 

In a preferred embodiment of the assembly, the as 
sembly includes two retention rings peripherally lo 
cated with respect to the element and distally located 
with respect to the mandrels. In this embodiment, the 
element urges the retention rings and mandrels, respec 
tively, toward each other and inwardly of the sleeve. 
Opposed ends of the sleeve are then expanded out 
wardly into engagement with an inside diameter of the 
damaged pipe. The retention rings are subsequently 
expanded outwardly into engagement with the now 
expanded ends of the sleeve. 
The invention also provides a method of repairing a 

damaged pipe, comprising: 
(a) positioning the assembly of the invention with the 
damaged pipe; 

(b) causing the shape-memory alloy element to recover 
so that the mandrels move towards one another and 
expand the end portions of the sleeve; and 

(c) removing the element. 
As will become more apparent hereinafter, the assem 

bly and method of the invention achieve the various 
objects of the invention and incidentally also solve the 
problems of the prior art by the installation of a leak 
tight sleeve in a quick and efficient way that is subject to 
automation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view, partly in section, of the assembly of 
the invention about to be deployed; 

FIG. 2 is a view, partly in section, of the assembly of 
the invention partly deployed; 
FIG. 3 is a view, partly in section, of the assembly of 

the invention fully deployed; 
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4. 
FIG. 4 is a view of the assembly of the invention, 

partly in section, fully deployed with the draw means 
removed; 
FIG. 5 is an enlarged view of the top of the draw 

means showing the retention means in greater detail; 
FIG. 6 is a view similar to FIG. 5 but showing an 

other embodiment of the retention means; 
FIG. 7 is a further view similar to FIG. 5 but showing 

another embodiment of the retention means; 
FIG. 8 is a further view similar to FIG. 5 but showing 

still another embodiment of the retention means; 
FIG. 9 is a still further view similar to FIG. 5 but 

showing still another embodiment of the retention 
means; 
FIG. 10 is yet another view similar to FIG. 5 but 

showing another embodiment of the retention means. 
DETAILED DESCRIPTION OF THE 

INVENTION 

Referring now to the figures in more detail and par 
ticularly referring to FIGS. 1 to 4, the assembly is 
shown in a typical working environment. A damaged 
pipe 4 having some form of damage such as a hole 1 is 
shown terminating in a tube sheet 2. In this working 
environment, the damaged pipe is usually accessible 
only through the bottom 3 of the tube sheet 2. Thus, 
whatever apparatus and method may be employed to 
repair a damaged pipe, it is only possible to work from 
one end. With this in mind, the invention will now be 
described in more detail. 

Disclosed according to the invention is an apparatus 
for securing a repair sleeve 6 within a damaged pipe 4. 
In a first embodiment of the apparatus, the apparatus 
comprises a shape-memory alloy draw means 8 having 
expanding means 10, 12 on each end. The draw means 8 
is contained within the sleeve 6 with at least a portion 
14, 16 of each of the expanding means protruding out 
side of the sleeve. The draw means urges, without the 
application of external mechanical means, the expand 
ing means toward one another and inwardly of the 
sleeve. In so doing, opposed ends 18, 20 of the sleeve are 
expanded outwardly, preferably sequentially, into en 
gagement with an inside diameter 22 of the damaged 
pipe. In a preferred embodiment of the invention, end 
20 of the sleeve will b expanded fully outwardly and 
then end 18 of the sleeve will be expanded fully out 
wardly. Without the application of external mechanical 
means is understood to mean the absence of mechanical 
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arrangements for converging the expanding means such 
as the threaded draw member and wing nut of the afore 
mentioned Miles patent. 
As shown in the figures, the expanding means may 

comprise conically shaped mandrels although other 
shapes are contemplated within the scope of the inven 
tion. One of the mandrels is integral with the draw 
means and the other of the mandreis is a collapsible 
mandrel peripherally located with respect to the draw 
means. The term "integral' is interpreted to mean that 
the mandrel is somehow attached directly to the draw 
means such as by a threaded connection. 
The collapsible mandrel is actually slightly stronger 

than the sleeve. This must be so in order to expand the 
sleeve. However, when a sufficient force is exerted 
against the collapsible mandrel, such as when further 
expansion of the sleeve is resisted by the tube sheet, the 
collapsible mandrel will collapse or become deformed. 
At this point, the mission of the collapsible mandrel, i.e., 
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expansion of the sleeve, has been completed and dam 
age to the tube sheet is avoided. 
Shown inside of the collapsible mandrel is a spacer 

24. The purpose of the spacer is to provide support for 
the collapsible mandrel. 
The urging of the expanding means toward one an 

other occurs by the contraction of the draw means in 
response to a transformation of the shape-memory alloy 
from the martensitic to the austenitic state. That is, the 
draw means of the invention in the martensitic state has 
a longer length than in the austenitic state so that upon 
warming the alloy through the transformation tempera 
ture, the alloy will achieve the austenitic state along 
with a decrease (contraction) in length associated with 
this state. The transformation of shape memory alloys is 
a well-known concept especially known to those skilled 
in the art. In one preferred embodiment of the inven 
tion, the transformation of the shape memory alloys 
utilized in the instant invention has been chosen to 
occur at ambient temperature. In this way, the transfor 
mation will occur solely in response to the temperature 
of the working environment so that the expansion o the 
sleeve will be self-actuated. That is, expansion of the 
sleeve will automatically occur after installation of the 
apparatus so that manual labor is unnecessary. 
The draw means has an enlarged cross-sectional por 

tion 26 proximate to one of the expanding means, in this 
case it is expanding means 12, such that portion 26 abuts 
an end 28 of the damaged pipe (or some other abutment 
surface which may even be the bottom of the tube sheet 
itself) during the urging of the expanding means toward 
one another. This is clearly shown in FIG. 2. The abut 
ment of the enlarged cross-sectional portion against an 
end of the damaged pipe assists in tee operation of the 
invention as will be explained hereafter. 
The apparatus further comprises a ferrule 00 periph 

erally with respect to one of the expanding means, ei 
ther 10 or 12. For purposes of the illustration, the fer 
rule is peripherally located with respect to expanding 
means 10. That is, the ferrule generally surrounds the 
expanding means 10. The ferrule has a stepped outside 
diameter configuration. As shown in the figures, the 
ferrule has a larger outside diameter 32 and a smaller 
outside diameter 34. The larger outside diameter 32 of 
the ferrule will generally conform to the outside diame 
ter 33 of the sleeve, and the smaller outside diameter 34 
of the ferrule will generally conform to the inside diam 
eter 35 of the sleeve. Because of this stepped outside 
diameter configuration, the ferrule is suitable for nesting 
with the sleeve so that upon the urging of the expanding 
means toward one another, the ferrule will nest with an 
end of the sleeve and then expand outwardly in con 
junction with the expansion of the sleeve. 

It is preferable that the apparatus further comprise 
two retention means 36, 38. These retention means are 
peripherally located with respect to the draw means 8 
and distally located with respect to the expanding 
means 10, 12. In other words, retaining means 36 will be 
closer to the end 40 of the draw means than will the 
expanding means 12. Similarly, the retaining means 38 
will be closer to the end 42 of the draw means than will 
the expanding means 10. Due to the contraction of the 
draw means, the retention means will be drawn toward 
one another and inwardly of the sleeve. However, the 
retention means will not enter the sleeve until the sleeve 
has been expanded by the expanding means. After the 
expansion of the sleeve, the retention means will be 
expanded outwardly into engagement with the now 
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6 
expanded ends of the sleeve. This is clearly shown in 
FIGS. 3 and 4. 
By expanding the retention means after the expansion 

of the sleeve, the retention means serve to keep the 
expanded ends of the sleeve in the fully expanded posi 
tion. Thus, the elastic spring-back of the sleeve is pre 
vented, which then leads to a leak-tight seal. The long 
standing problem of achieving a leak-tight seal, a prob 
lem heretofore recognized in the prior art, has accord 
ingly been solved. 

In a preferred embodiment of the invention, the trans 
formation temperature of the shape-memory alloy draw 
rod is chosen so as to occur at ambient temperature, that 
is, the temperature of the working environment. In this 
case, the expansion of the sleeve will be self-actuated. 

In one preferred embodiment of the invention, at least 
one of the retention means 36 or 38 comprises a shape 
memory alloy with a transformation from the martens 
itic state to the austenitic state occurring at ambient 
temperature. In this embodiment of the invention, the 
retention means will automatically expand outwardly 
upon exposure to ambient temperature so as to retain 
the ferrule and sleeve in their expanded position. Since 
this step is automatic, little manpower ned be expended. 
The retention means which comprises a shape-memory 
alloy will, most preferably, be the top retention means 
38. 
The collapsible mandrel 12 and the retention means 

36 may be made of a single piece so that both the reten 
tion means and the mandrel will be collapsible. With 
both the collapsible mandrel and the retention means 36 
being collapsible, their elastic component will tend to 
exert a force outwardly. This elastic force will counter 
act the spring-back of the expanded sleeve and, there 
fore, hold the expanded sleeve in its expanded position. 
It is not essential to the invention that the collapsible . 
mandrel and retention means 36 be made from a shape 
memory alloy. Other alloys such as stainless steel will 
achieve the objects of the invention. In fact, if retention 
means 38 were not made from a shape memory alloy 
(although it is preferred that it be made from shape 
memory alloy), it could also be made from another aloy 
such as stainless steel. 

It is preferred that the sleeve has seal means proxi 
mate to at least one end of the sleeve. As shown in the 
figures, the seal means may comprise circumferentially 
extending teeth 44. It is conceivable, within the scope of 
the invention, that the seal means may also comprise 
soft metal seals, braze material, or other chemical or 
mechanical expedients. 
The functioning of the invention will now be de 

scribed in greater detail. In a first position, the repair 
sleeve assembly comprises a shape memory alloy draw 
means 8 having a conically shaped mandrel 10 at each 
end 40, 42. There is also a collapsible conically shaped 
mandrel 12, expanding retention means 36, 38, and an 
annular repair sleeve 6. The repair assembly in a first 
position will have the collapsible mandrel 12 peripher 
ally located with respect to the draw means 8 and, at the 
same time, the collapsible mandrel will be proximate to 
the opposed end 40 of the draw means. Also, the repair 
sleeve assembly will have the retention rings peripher 
ally located with respect to the draw means and distally 
located with respect to the mandrels. 

In a second position, the repair sleeve assembly will 
have the draw means contained within the sleeve with 
at least a portion of each of the mandrels, as shown by 
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14 and 16 of FIG. 1 of the drawings protruding outside 
the sleeve. 

In a third position, as also shown by FIG. 1, the repair 
sleeve assembly is inserted within the damaged pipe 4 
with at least a portion of the collapsible mandrel 12 5 
remaining outside the damaged pipe. 

In a fourth position, as most clearly shown by FIG. 2, 
the repair sleeve assembly will have the collapsible 
mandrel 12 converged toward the draw means mandrel 
10 without the application of external mechanical 
means, i.e., without the necessity of mechanical (includ 
ing hydraulic) force being applied to the assembly by 
some means outside the assembly. Necessarily, the man 
drels are urged inwardly of the sleeve while simulta 
neously expanding opposed ends of the sleeve out- 15 
wardly into engagement with the damaged pipe. In this 
position, the assembly is partly deployed. Preferably the 
opposite ends of the sleeve are expanded outwardly 
sequentially into engagement with the damaged pipe, 
end 20 first and then end 18. This sequential expanding 
is achieved by designing the assembly so that less force 
is needed to urge the collapsible mandrel 12 inwardly 
and expand end 20 of the sleeve outwardly than is 
needed to urge draw means mandrel 10 inwardly and 
expand end 18 of the sleeve outwardly. The effect of 25 
this is important. When the collapsible mandrel 12 be 
comes fully engaged in expanded end 20 of the sleeve, 
further inward movement of the collapsible mandrel is 
prevented by means as discussed hereafter. Then the 
only way that the draw means mandrel can converge 30 
toward the collapsible mandrel is to move inwardly of 
the sleeve. When so moved inwardly of the sleeve, it 
will expand end 18 of the sleeve outwardly into its fully 
expanded position. Upon full expansion of end 18 of the 
sleeve, the draw means mandrel will have moved 
through the expanded end 18 of the sleeve as shown in 
FIG. 3. The assembly is sized so that the draw means 
mandrel can move past expanded end 20 of the sleeve 
without binding. 

In a fifth position, as also shown in FIG. 2, the repair 
sleeve assembly will have the retention rings 36, 38 
expand outwardly into engagement with the now ex 
panded ends of the sleeve. 

In the fifth position, the repair sleeve assembly has 
the draw means disengaged from the assembly. FIG. 3 
shows the assembly fully deployed with the draw means 
withdrawing from the assembly. The draw means is 
now completely past the most inward end 18 of the 
sleeve which has just been expanded. FIG. 4 shows the 
repair sleeve assembly fully deployed with the draw 
means completely disengaged from the assembly. The 
assembly is sized so that once the draw means mandrel 
has expanded the most inward end 18 of the sleeve, it 
will be able to pass the near end 20 of the already ex 
panded sleeve without difficulty. 
As noted in the drawings, FIGS. 1 to 3, there is also 

fixture 45 which is attached to the bottom 3 of the tube 
sheet 2 either magnetically or by an adhesive material. 
The purpose of this fixture is to locate the repair sleeve 
assembly properly with respect to the damaged pipe. As 
shown in FIG. 1, the enlarged cross-sectional portion 26 
rests on surface 46 of the fixture 4. When the fixture 45 
is properly dimensioned, the sleeve, draw means and 
expanding means, as well as the other elements of the 
invention, will all be in the correct position prior to 
actuation of the draw means. Once the repair sleeve 
assembly is fully deployed the fixture is then removed as 
shown in FIG. 4. 
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8 
Referring now to FIGS. 5through 8, and particularly 

referring to FIG. 5, there is illustrated in greater detail 
the operation of the retention means 38 of FIGS. 1 to 4. 
At this stage of the deployment of the invention, the 
draw means mandrel 10 has already expanded end 18 of 
the sleeve 6 and ferrule 30. The direction of movement 
of the draw means 8 is toward the bottom of the paper. 
The next step is the positioning of retention means 38. 

As the draw means moves downwardly, shoulder 48 of 
the retention means abuts against end 50 of the ferrule 
and further downward movement of the retention 
means is prevented. However, the draw means contin 
ues to move downwardly. 
As the draw means moves downwardly, surface 52 of 

the draw means moves against surface 54 of the reten 
tion means. While surface 52 can be formed integrally 
with the draw means, it can more economically be 
formed as a part of tube 53 which can then be threaded 
onto the draw means. Since surface 54 is initially bent 
inwardly, downward movement of surface 52 will cause 
surface 54 to be bent outwardly. In turn, surface 56 is 
moved outwardly to a second position 56, shown in 
dotted lines. Since the retention means abuts the ferrule 
on the top and is wrapped around the ferrule on the 
bottom, the retention means thus become locked into 
position around the ferrule. 

If the retention means comprises a shape memory 
alloy, the retention means, after transformation from the 
martensitic state to the austensitic state, will attempt to 
expand outwardly against the ferrule and end 18 of the 
sleeve. The outwardly directed force resulting from the 
shape memory effect of the retention means is sufficient 
to prevent elastic springback of the ferrule and end 18 of 
the sleeve. 

It should be noted that the ferrule serves a very useful 
purpose. Once the draw means mandrel moves past the 
now-expanded ferrule, there is no chance that the draw 
means mandrel can bind on the inside diameter of the 
sleeve. The ferrule thus provides a means to expand the 
end of the sleeve and also a clearance for the movement 
of the draw means mandrel. 

It has been found that the invention can be more 
effectively deployed if the ends 18 and 20 of the sleeve 
are made thinner in cross-section then the remainder of 
the sleeve. The expansion of the ends of the sleeve, are, 
of course, more easily accomplished when this is the 
CaSc. 

Seal means 44 are more readily visible in FIG. 5. In 
conjunction with the expansion of the end of the sleeve, 
the circumferentially extending teeth bite into the dam 
aged pipe. The result is a leak-tight seal. 
Another embodiment of the retention means is illus 

trated in FIG. 6. As was the case with the previous 
embodiment of the retention means, the draw means 
mandrel 10 has moved past the ferrule 30 and end 18 of 
the sleeve. Downward movement of the draw means 8 
causes shoulder 48 to abut end 50 of the ferrule. 

In this embodiment, however, the retention means is 
held onto the draw means by collapsible spring 58 
which sits in groove 60. 
As the draw means continues to move downwardly, 

further movement downward of the retention means is 
impossible. Rather, the downward pull of the draw 
means and the resistance of the retention means is suffi 
cient to cause collapsible spring 58 to collapse further 
into groove 60. Then, the draw means with the col 
lapsed spring is able to move down through and past the 
retention means. 
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Again, if the retention means comprises a shape men 

ory alloy, the outwardly directed force due to the re 
covery of the shape memory alloy will prevent elastic 
springback of the ferrule and end 18 of the sleeve. 

FIG. 7 is a further embodiment of the retention 
means. This embodiment is similar to the FIG. 6 em 
bodiment except frangible cap 62 holds the retention 
means onto the draw means. The frangible cap 62 may 
be made of any frangible material including but not 
limited to plastic. 

After shoulder 48 of the retention means abuts end 50 
of the ferrule, the draw means will continue to attempt 
to move downwardly. When the downward pull of the 
draw means is sufficient to overcome the strength of the 
frangible cap, the frangible cap will fracture 64 and 
become free of the draw means. Then the retention 
means will be released from the draw means and the 
draw means can continue its downward travel. 
A still further embodiment of the retention means is 

illustrated in FIG. 8. In this embodiment, the ferrule is 
unnecessary. 
There is a retention means cap 66 comprising a 

threaded connection to the draw means and retention 
means 38. In this case, downward movement of the 
draw means will cause shoulder 68 of the retention 
means cap to abut end 70 of the sleeve. Further down 
ward movement of the draw means will, of course, be 
resisted by the retention means cap. However, when the 
downward pull of the draw means is sufficient to over 
come the strength of the retention means cap, the reten 
tion means cap will fracture 72 and release the retention 
means. The retention means cap may include notches 74 
to promote the fracturing of the retention means cap. 

After the retention means is released, the draw means 
may continue downwardly unimpeded. 
As with the previous embodiments of FIGS. 5 

through 7, if the retention means cap and retention 
means comprise a shape memory alloy, the outwardly 
directed force due to the recovery of the shape memory 
alloy will prevent elastic springback of the end 18 of the 
sleeve 
Yet another embodiment of the retention means is 

illustrated in FIG. 9. In this embodiment also, the fer 
rule is unnecessary. 
Any of the retention means of FIGS. 5 to 8 may be 

used with the embodiment of FIG. 9. In the embodi 
ment shown, the retention means of FIG. 8 is used. In 
this embodiment downward movement of the draw 
means will cause the draw means mandrel 10 to directly 
expand the end 18 of the sleeve. 
As the draw means continues downwardly, shoulder 

68 of retention means 38 will abut end 70 of the sleeve. 
As described previously in connection with FIGS. 5 to 
8, further downward movement of the draw means will 
cause the retention mean to become disengaged from 
the draw means. 

In order to provide clearance for the continued 
downward movement of the draw means mandrel, the 
sleeve is undercut just below seal means 44. 
A further embodiment of the retention means in 

which the ferrule is unnecessary is illustrated in FIG. 
10. 
Again, as the draw means continues downwardly, 

shoulder 68 of retention means 38 will abut end 70 of the 
sleeve. As described previously in connection with 
FIGS. 5 to 9, further downward movement of the draw 
means mandrel 10 will cause the retention means to 
become disengaged from the draw means 
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10 
In this embodiment, however, there is a two-step 

expansion of the sleeve. The first step in the expansion 
is when the retention means and the mandrel, together, 
enter end 18 of the sleeve to partially expand the sleeve 
end outwardly. The second step in the expansion occurs 
after the retention means shoulder abuts the end of the 
sleeve. In the second step, the further downward move 
ment of the draw means mandrel causes the retention 
means to expand outwardly and the sleeve end to ex 
pand further outwardly. The second step expansion is 
aided by the movement of the draw means mandrel 
conical surface 72 against retention means conical sur 
face 74. 
Once the draw means mandrel passes the retention 

means on its downward movement, there will be ample 
clearance between the draw means mandrel and the 
sleeve. 
An important advantage of this embodiment is that 

when a shape-memory alloy retention means is utilized, 
the stress applied after recovery of the shape memory 
alloy will be constant, regardless of the tolerance of the 
inside diameter of the tube. Thus, the optimum stress 
can be determined that will be sufficient for sealing 
purposes but will be insufficient to initiate stress corro 
sion cracking of the sleeve and tube. 

It should be noted that in this embodiment, sealing 
means on the sleeve outside diameter are not necessary. 
The method of the invention may include a step in 

which the repair apparatus assembly is cryogenically 
cooled. It should be understood that "cryogenically 
cooled' means that the entire repair apparatus assembly 
is immersed for a sufficient period of time in liquid 
nitrogen. This step is necessary to transform the shape 
memory alloy into the martensitic condition. 
The next step is the inserting of the repair apparatus 

assembly in the damaged pipe followed by warming the 
repair apparatus assembly. Warming is, of course, nec 
essary to activate the shape memory effect which arises 
from the transformation of the shape memory alloy 
from the martensitic state to the austenitic state. 
A further step is converging the expanded means 

without the application of external mechanical means. 
This step is an integral part of the self-actuation of the 
mechanism. 
The method further comprises engaging the expand 

ing means with the ends of the sleeve. As the expanding 
means continue to move or continue to converge and 
the degree of engagement with the ends of the sleeve 
increases, the ends of the sleeve become expanded out 
wardly into engagement with the damaged pipe. 
The final step of the method is removing the draw 

means. At this point, the sleeve is fully installed and a 
leak-tight seal is obtained. Thus the damaged pipe is 
repaired by the method of this invention. 

It is preferred that the step of warming comprises 
exposing the repair apparatus assembly to the ambient 
temperature. 
The method need not include the steps of cryogeni 

cally cooling. In this case, shape-memory alloys can be 
used that have a higher martensite transformation tem 
perature such that cooling in liquid nitrogen is unneces 
sary. However, since it may be a requirement of these 
alloys that they not be martensitic after installation at or 
near ambient temperature, it will nevertheless be neces 
sary to cool certain of these alloys in some medium such 
as cooled alcohol in order to promote the martensitic 
transformation but this step of cooling may be accom 
plished at the time of manufacture instead of prior to 
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installation. Simultaneously, these same shape-memory 
alloys can have either a permanent or temporary austen 
ite transformation temperature above ambient tempera 
ture, as will become apparent hereafter. The step of 
warming, then, in this embodiment requires warming to 
a temperature above ambient temperature. 

It is also preferred that the step of expanding the ends 
of the sleeve comprises fully expanding one end of the 
sleeve and then fully expanding the other end fo the 
sleeve in sequence. 
Throughout the specification, the use of shape-mem 

ory alloys for the draw means and retention means has 
been described. Many of the well-known shape-mem 
ory alloys already known to those skilled in the art are 
suitable for use with the instant invention. However, a 
particularly preferred alloy for the draw means is the 
nickel/titanium/iron alloy disclosed in the Harrison et 
al. U.S. Pat. No. 3,753,700, which is hereby incorpo 
rated by reference. It is preferred that the alloy be pro 
cessed according to the method disclosed in U.S. Pat. 
No. 4,502,896. 
A preferred alloy for the retention means is the nick 

el/titanium/vanadium alloy disclosed in U.S. Pat. No. 
4,505,767 processed according the method disclosed in 
U.S. Pat. No. 4,533,411; the disclosure of each of these 
documents is incorporated herein by reference. 
An important point to mention here, a point already 

apparent to those skilled in the art, is that many of the 
alloys suitable for use with the instant invention includ 
ing the above iron and vanadium alloys have an Ms 
temperature below ambient temperature. Thus, when 
the instant invention calls for a shape-memory alloy, it is 
understood that the part embodying that shape-memory 
alloy must be cooled prior to installation to some tem 
perature below the Ms temperature in order to trans 
form that part into the martensitic condition. Cooling 
the part individually should be satisfactory. However, it 
has been found that when the draw means comprises 
shape-memory alloys, cooling of the whole repair 
sleeve assembly is preferred. It is also preferred that 
cooling be by immersion in liquid nitrogen. This step 
has been alluded to in the description of a preferred 
embodiment of the method of the invention. 

In order to effectuate the objects of the invention, the 
Ms temperature of the retention means should be greater 
than the Ms temperature of the draws. This insures that 
the draw means will transform first from the martensitic 
state to the austenitic state and cause the expansion of 
the sleeve prior to the expansion of the retention means. 
If the reverse occurred, the whole apparatus will lock 
up and effectively plug the tube. 

In another aspect of the invention, shape-memory 
alloys may be used for the draw means and the retention 
means which have an As temperature above ambient 
such that the shape-memory alloy has to be heated to 
effect the transformation from the martensitic state to 
the austenitic state. When this is the case, a suitable 
heating means may be provided. For example, if a hol 
low draw means were to be utilized, then a suitable heat 
source may be inserted within the draw means to supply 
the heat necessary to effect the transformation. Or, if 
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12 
the draw means was solid, when a suitable heat source 
may be wrapped around the draw means. 

In this aspect of the invention, the objects of the 
invention will be best achieved when the As tempera 
ture of the retention means is higher than the Astemper 
ature of the draw means. So that the retention means 
retains its strength after being installed, it should remain 
in the austenitic condition. This being the case, the Ms 
temperature of the retention means should be below 
ambient temperature. On the other hand, since the draw 
means is removed from the assembly after installation, 
its Ms temprature is not so critical and may, in fact, be 
above room temperature. 

It can be appreciated that since these shape-memory 
alloys have an As temperature above ambient tempera 
ture, no on-site cooling prior to installation is required. 
Thus, the apparatus may be fabricated and assembled at 
the point of manufacture and then shipped to the place 
of installation while in the martensitic condition. Once 
the apparatus has been carefully positioned in its in 
tended environment, heat is applied to effect the trans 
formation to austenite. 
What is claimed is: 
1. An assembly for securing a repair sleeve within a 

damaged pipe, comprising: 
(a) a tubular repair sleeve, and 
(b) a shape memory alloy element positioned within 

the sleeve and having a mandrel on each end with 
at least a portion of each mandrel extending be 
yond the sleeve at a respective end of the sleeve; 

arranged so that when the shape memory alloy element 
recovers, the mandrels are moved towards one another 
so that each end portion of the sleeve is caused to ex 
pand outwardly. 

2. An assembly as claimed in claim 1, which includes 
two retention rings, each positioned around the element 
towards a respective end of the sleeve, the retention 
rings being expandable to engage the expanded end 
portions of the sleeve. 

3. An assembly as claimed in claim 2, in which the 
retention rings comprise a shape memory alloy ar 
ranged so that the rings expand radially outwardly on 
recovery. 

4. An assembly as claimed in claim 1, in which one of 
the mandrels is arranged to collapse radially after ex 
pansion of the end portions of the sleeve. 

5. An assembly as claimed in claim 1, in which the 
dimensions of the mandrels and the sleeve, are so ar 
ranged that the ends of the sleeve are expanded sequen 
tially. 

6. An assembly as claimed in claim 1, in which the 
sleeve has means, towards at least one end of the sleeve, 
for forming a seal between the repair sleeve and the 
internal surface of a damaged pipe. 

7. An assembly as claimed in claim 1, which includes 
a ferrule peripherally located with respect to one of said 
mandrels, the ferrule having a stepped outside configu 
ration suitable for nesting with the sleeve so that upon 
the urging of the mandrels toward one another, the 
ferrule nests with an end of the sleeve and expands 
outwardly in conjunction with the expansion of the 
sleeve. 

: 


